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An explicit calculation shows that the model constructed in [1] violates general covariance. It is
therefore unphysical and does not determine properties of space-time or black holes.
The authors of [1] attempt to modify the dynamics of
gravitational collapse by viewing the static, spherically
symmetric exterior space-time region of a Kruskal black
hole as a homogeneous model with timelike hypersur-
faces “evolving” in the direction of the radial coordinate.
However, the authors never consider the spherically sym-
metric, static description after they modify the dynamics.
This description, in fact, is no longer equivalent, owing
to a breakdown of general covariance in the model.
An ~-dependent effective theory is covariant if and only
if it is covariant order by order in ~. It is therefore suf-
ficient to consider only leading-order modifications, pa-
rameterized in [1] by δb and δc. This leads to the cosmo-
logical Hamiltonian
Hhom[N ] = −
N
2G
(
2bc
√
pc + (1− b2)
pb√
pc
(1)
+
1
3
b3(c
√
pc − bpb/
√
pc)δ
2
b −
1
3
bc3
√
pcδ
2
c
)
for an arbitrary lapse function N , Newton’s constant G,
and canonical pairs (pb, b) and (c, pc). (In the specific
choice of [1], δc is of higher order in ~ than δb and could
therefore be eliminated here without changing our result.
We assume pc > 0 and ignore parameters such as γ and
L0 that are irrelevant for our argument.)
The meaning of pb and pc is shown by how they appear
in the space-time line element
ds2 = −
p2b
pc
dx2 +N2dt2 + pcdΩ
2 , (2)
while b and c are related to time derivatives of pb and
pc according to equations of motion generated by (1).
Inverting these equations, we obtain
b =
p˙c
2N
√
pc
−
1
6
b3δ2b +
1
2
bc2δ2c (3)
c = −
p˙b
N
√
pc
+ b
pb
pc
−
1
6
b2(3c− 4bpb/pc)δ2b +
1
6
c3δ2c .(4)
They are valid if δb and δc depend on pb or pc. If δb and
δc also depend on b or c, (3) and (4) acquire extra terms
that do not change our result of non-covariance. We work
with (3), (4) because their solutions (to all orders in δb
and δc) have been used in [1]; see also [2].
We now evaluate the same dynamics from the perspec-
tive of a spherically symmetric model with line element
ds2 = −M2dT 2 +
(Eϕ)2
Ex
dX2 + ExdΩ2 (5)
where Ex and Eϕ are the components of a densitized
triad analogous to pc and pb. Comparing (2) and (5) such
that T = x and X = t, we obtain the correspondence
pc = E
x, pb = M
√
Ex, N = Eϕ/
√
Ex, while b and c
follow from (3) and (4) observing that the dot amounts
to an X-derivative (a prime) in spherical symmetry.
If there is a covariant space-time underlying this
model, the Hamiltonian constraint (1), using our cor-
respondence, must vanish when expressed in spherically
symmetric models. After several concellations, we obtain
−2GHhom[N ] = −
M ′(Ex)′
√
Ex
Eϕ
+
MEϕ
√
Ex
−
M((Ex)′)2
4
√
ExEϕ
(6)
+
1
8
(M
√
Ex)′((Ex)′)3
(Eϕ)3
δ2b −
1
2
(M ′)3(Ex)′(Ex)3/2
(Eϕ)3
δ2c .
The lapse function M of the spherically symmetric
model is not independent but rather determined (non-
locally) by Ex and Eϕ through staticity (zero momenta).
This condition amounts to a differential equation
M ′ +
1
4
(Ex)′
Ex
M +
1
2
(Eϕ)2
√
Ex(Ex)′
V (Ex)M = 0 , (7)
which, for full generality, we use here for a general dilaton
model [3] with potential V (Ex); see for instance [4, 5].
(These models are broad and include, for instance, spher-
ically symmetric Palatini-f(R) theories through their
equivalence with scalar-tensor metric theories with a non-
dynamical scalar [6].) Classically, (6) implies
− 2GHhom[N ] =
MEϕ
√
Ex
(
1 +
1
2
√
ExV (Ex)
)
= 0 (8)
which selects the correct dilaton potential V (Ex) =
−2/
√
Ex of classical spherically symmetric gravity. Non-
zero δb and δc imply additional terms in (6) which depend
on M and Eϕ. They cannot be absorbed in a modified
dilaton potential V (Ex). Since dilaton gravity actions
present the most general class of generally covariant 1+1-
dimensional theories, the model of [1] violates covariance.
Note added: A transformation of the cosmological-type
solutions given in [1] to spherically symmetric slices has
already been performed in [7], focusing on implications
for the asymptotic structure. In the present comment,
an extension of such a transformation to the model’s
constraints and equations of motion makes it possible
to draw conclusions about covariance.
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